has a new channel model (the outdoor-to indoor channel model, or O2I) that has not been clearly studied. Some conventional channel measurements have been conducted for this new band. Two measurement systems in the 60-GHz band for penetration loss and small-scale measurement for different scenarios are presented. By analyzing our measurement data, we can prove that the O2I channel does not generate new paths and only add some material penetration loss.
Introduction
The remarkable success of wireless technologies [1] has led to a large demand for mobile communication. GHz of the spectrum) to be an important part of nextgeneration technology. The 60-GHz band is used world-wide for ultra-high-capacity point-to-point communications [2] . For example, the IEEE802.11ad standard has been defined for 60-GHz band, and products based on this standard are currently available. Thus, the propagation characteristics of the 60-GHz band should be studied in detail. With the advent of 5G mobile communications [3] , a new mode of transmission has appeared: that is O2I (OutdoorTo-Indoor) point-to-point communications.
A recent 5G white paper presented a brief overview of the channel properties of some traditional channels we conduct some special experiments to study the characteristics of 60-GHz outdoor-to-indoor propagation. We analysis the channel statistics results and draw a conclusion.
Our main contributions are as follows.
1) We take some measurements for various materials [4] )URP WKH UHVXOW RI PHDVXUHPHQW ZH ¿QG some special phenomenon. By analyzing the results, we explain the phenomenon of uneven penetration measurement.
2) In addition, the small-scale character [5] 
Measurement system
In this section, we will explain the two measurement systems, the measurement setup, and its basic principle including the parameters that influence the channel measurement. Before the measuring, a calibration is necessary for our study. Different methods for our measurement will be presented.
Measurement setup
The setup to measure the penetration loss is depicted in Fig.1 . The measurement system utilizes an analog signal generator on transmitter and a spectrum analyzer on the receiver. The system is able to measurement a frequency range of 57 to 64 GHz. The measurement setup for a small scale is depicted in Fig.2 . We use two mixers to down-convert the signal, and two horn antennas with a gain of 25 dBi and its HPBW is 30º. The measured data is stored DQG SURFHVVHG XVLQJ 0$7/$% [6] . 
Measurement principle
The measurement principle of penetration loss satisfies a far-field antenna. The principle can be describe using the formula d 2D 2 /Ȝ. For 60-GHz, the wavelength is 5 mm, In the formula, D is the max antenna size, which for our antenna is 10 cm. Thus, we can get that, the distance-d meet the principle [7] d 2×0.05 2 /0.005=1 is necessary. 
The measurement principle of the smale scale test is to simulate a wideband signal through a channel under test for a certain period of time, and to measure the amplitude and phase of the VNA (Vector Network Analyzer) output. Since the VNA can measure [8] the complex amplitude at any frequency, we can determine the S 12 parameter, which is the same as sampling the channel transfer function H(f).
After the VNA finishes a frequency sweep, N points complex amplitudes and phases of the frequencies 
The original channel transfer function is
represented by H(f C ) and f C =f start +B/2, and the step of sampled is f step .The IFFT-window H W (f) was an option in post processing, and the operator's "rect"
represents the rectangular function. The time-domain channel impulse response
The operator " " represent the convolution, and the final impulse response is influenced by both the
By use the IFFT and some suitable methods to proceeding the date of H VNA (f), the time domain transfer function h(t) will be obtained.
Calibration
Initially, the result for the penetration loss [9] is also calibrated by Eq.(1). The transfer function
consists of the particular function of the measurement chain as follows: A back-to-back calibration can be done after the measurement. In the calibration measurement, Tx and Rx can be connected to each other via a waveguide.
The calibration data H CAL ( f ) can be obtained from the calibration and consists of two terms
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In order to obtain omnidirectional channel information, the receiver must collect data for a 360° rotation with a sampling scale of 5°. By fitting the different perspectives of information, we can obtain substantial omnidirectional channel information.
System analysis
Before we start our measurement, it is necessary to analyze the validity and accuracy of our channel measurement system.
The calibration of the system and some post processing of system (which were described in the preamble), that two term can make sure the data we measured is validity. Except the methods of processing data, we sample data for 360° with an angular step of 5° for each receiver site.
The accuracy of our measurement system requires that we develop an automatic control system for angle rotation. 
Penetration loss measurement
These measurements were conducted in Huawei 2012
Lab, which is located in Chengdu, Sichuan. In these measurements, Tx and Rx were 1.5 m high, and their positions can be seen in Fig.3 . 
Measurement results
The calibrated data of the penetration loss are presented in Fig.6 . We measured the penetration loss of three common materials: wooden doors, monolayer-glass and double-height transparent glass.
In observing the test results found in the 50~67 GHz band, the penetration loss for different materials exhibited different degrees of volatility, and with An electromagnetic shielding effect can be divided into two parts: an absorption shield and a reflective shield, its formula is as follows:
Study of propagation characteristics of outdoor-to-indoor channel in the 60-GHz band
Absorption shielding is a result of the heat- (open or closed door). We tested two scenarios, (Fig.4 and Fig.5) . Finally, the processed data for two materials are presented in Fig.8 to Fig.13 . To further validate our measurement results, a similar measurement was conducted for the monolayer-glass door (see Fig.5 For a detailed data describe of PDP, similar results can be seen in Fig.14 and Fig.15 . It is very clear that the three main paths are similar to those of the wooden door situation.
Tab.4 lists the delay spread and angle spread for the two situations for the monolayer-glass door.
The different between the two material is that the spread of monolayer-glass would be little small. By comparing the tests of the two materials of in different scenarios, we conclude that our measurements have a certain credibility.
In the measurement result for the two scenarios, the different scenario provide different channel environments but the results are similar. we conclude that, the new propagation channel (outdoor-to-indoor)
does not generate new path
Compared with a traditional channel [10] , and just adds some penetration loss. Some small changes can be considered, such as having a smaller spread in the delay and angle [11] .
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